Abstract: This paper examines the asymmetrical relationship between exchange rate and consumer prices in 40 Sub-Saharan African (SSA) countries from 1990q1 to 2017q4. The exchange rate pass-through (ERPT) to consumer prices is estimated for each country by using the nonlinear autoregressive distributed lags (NARDL) framework and dynamic panel estimators robust to cross-sectionally correlated errors. Firstly, our findings suggest an asymmetrical ERPT in the SSA region during the short-term, whereas there are mixed results across sub-regions in the long-term.
Introduction
The interest in the exchange rate pass-through analysis is justified by the need to understand how economic cycles, trade imbalances, especially exchange rate changes affect domestic prices and monetary policy. Indeed, exchange rate pass-through (ERPT, hereafter) denotes the degree to which exchange rate changes are transferred into prices in a particular country. Thus, several studies analyzed the ERPT to import and consumer prices, initially in developed countries, suggesting its fall since 1990s. Taylor (2000) found that ERPT has declined under low inflationary environment in the US during the 1990s and this hypothesis has been largely validated by other studies in advanced nations (Campa and Goldberg 2002) ; Choudhri et al. 2002; Campa and Goldberg 2005; Takhtamanova 2010 ). Most of these studies ignored the likely asymmetrical ERPT to prices (inflation) underlined in the theoretical models of pricing to market where foreign exporters adjust the prices in the importing country in response to the size and direction of exchange rate movements. Accordingly, recent studies consider nonlinearities and asymmetry in their investigation of the relationship between exchange rate and domestic prices in the developed and emerging economies (Brun-Aguerre et al. 2012; Choudhri and Hakura 2015; Yanamandra 2015; Brun-Aguerre et al. 2016; Baharumshah et al. 2017 , among others). In fact, these studies revealed an asymmetrical and non-linear ERPT to import prices as well as a complete and high pass-through during exchange rate depreciations than appreciations in the long-term.
The need to examine the relationship between exchange rate and prices is an important step for the Sub-Saharan African countries (SSA) to secure their economy against structural shocks during the global trade. By the early 2000s, several SSA countries have benefited from stable and low inflation level with sustained growth. However, the policy framework presents some weaknesses because of the limited role of the exchange rate to be used as a nominal anchor. One of the common features with the SSA countries that distinguish them from other regions is the lack of credibility of the monetary policy. At earlier stages of credibility, the trade-off between output and inflation is more severe. Most SSA countries focus on inflation targeting policy to the detrimental of the anchoring role of the exchange rate. Most of the SSA countries, i.e. the CFA franc region (WAEMU and CEMAC) has pegged their currency to the euro, resulting to low inflation level in this region compared with the other SSA countries.
Concerning Sub-Saharan African countries (SSA), the literature on ERPT is limited and based on some specific countries rather than the whole SSA region (Bhundia 2002 The author suggested a declining pass-through in the 1990s due to macroeconomic reforms. Most of these studies are country levels and neglect the asymmetry and nonlinearities' assumption between exchange rate changes and domestic prices in the SSA countries, as well as cross-sectional dependence across countries which may lead to biased results. Accordingly, our study examines the asymmetry and nonlinearities of ERPT to consumer prices from 1990q1 to 2017q4 for 40 SSA countries split in two groups: the CFA franc zone having fixed exchange rate regime (Waemu and Cemac, 14 countries) and the other SSA countries with flexible exchange rate regime (26 countries) . Then, we also consider cross-sectional dependence between countries which may arise from unobserved common factors. Especially, we conduct tests on the following hypotheses: Is there a symmetrical ERPT to consumer prices during depreciations and appreciations? Is there a non-significant ERPT in long-term? Is there evidence of a complete ERPT in the SSA countries? Does the size of the exchange rate matter in the likely asymmetrical ERPT?
First, we estimate the ERPT for each country by employing the NARDL framework of Shin et al. (2014) and the general to specific' approach with maximum lag length 4, dropping all insignificant because they operate at full capacity and may not be able to contain huge demand when the importer's currency appreciates. Finally, Pollard and Coughlin (2004) demonstrate that asymmetry may arise from the pricing strategy of a foreign firm in response to exchange rate's size. Thus, under the hypothesis that foreign exporters set the invoice price in their own currency, they are less incentive to adjust the price following small change in exchange rate so that the price faced by the importer fully reflects exchange rate changes. This strategy is termed as producer currency pricing (PCP) where there is a complete ERPT. On the other hand, prices are not sensitive to small changes in the exchange rate when exporters set the invoice price in the importer's currency, which is consistent with the local currency pricing strategy (LCP). In this case the ERPT is zero and may increase if prices adjust to large exchange rate changes.
Empirical review
Most of the studies on exchange rate changes and local prices' relationship initially suggested a symmetrical and declining exchange rate pass-through (ERPT) to prices over the years, especially in the developed countries ( Besides, several empirical studies concluded that the pass-through to prices was incomplete and smaller, lying between 0 and 1 in the developed nations than in the developing countries (Goldberg and Knetter 1996; Berner 2010; Bussière et al. 2014 , among others). Berner (2010) studied the exchange rate pass-through (ERPT) to import unit values of Germany using monthly data from 1988 to 2008. He found an incomplete and nonlinear ERPT which was higher during depreciations of the Euro than appreciations, differing across trading partners.
The investigation of exchange rate and prices' relationship has moved forward by allowing for an asymmetrical and nonlinear ERPT to prices levels in the developed and emerging countries (Delatte and Shin et al. (2014) and revealed an asymmetrical ERPT in which exchange rate depreciations were passed through to prices more strongly than appreciations in the long-term. However, Utku Özmen and Akçelik (2017) utilized micro data to investigate the impact of oil prices and exchange rate on retail motor fuel prices in Turkey from January 1 st , 2006 to February 14 th , 2014. They unveiled an asymmetrical response of motor fuel prices which was intensified by exchange rate changes (oil price) in the case of positive (negative) cost shock. They also showed that the pass-through size was inversely associated to the level of positive cost shock, concluding that the market structure was the major reason of this asymmetry. Additionally, Kassi et al. (2018) found an asymmetrical ERPT in the developing and emerging Asian countries by using the NARDL framework on quarterly data from 1995q1 to 2016q4.
The research on ERPT in Sub-Saharan African countries has been scarce, largely dominated by country level studies. Bhundia (2002) analyzed the ERPT to consumer prices in South Africa and found a lower pass-through by using a vector autoregressive (VAR) framework on quarterly data from 1976q2 to 2000q3.
Mwase (2006) also unveiled a declining ERPT in Tanzania in the 1990s through a structural VAR model with a data set from 1990 to 2005. He argued that the lower pass-through was in part favored by the structural and macroeconomic reforms during the 1990s. Moreover, Akofio-Sowah (2009) investigated the relationship between exchange rate pass-through and the monetary regime in 12 Emerging countries and 15 Sub-Saharan African countries from 1980 to 2005. The author revealed that ERPT was lower in countries having low inflation levels, especially in CFA franc zone, the common monetary area (CMA) than others. Another study of Frimpong and Adam (2010) examined the ERPT to Ghanaian consumer prices with a VAR model on a monthly data over 1990m1-2009m2 periods. They concluded a declining and incomplete ERPT into prices which was significant in the short-term. In the IMF's working papers, Razafimahefa (2012) gave an analysis covering 34 Sub-Saharan African (SSA) countries split into fixed regimes (23 countries) and flexible regimes (11 countries). The author analyzed ERPT and its determinants in the SSA countries on quarterly data from 1985 to 2008 where he also suggested an incomplete ERPT estimated at about 0.4 and higher during exchange rate depreciations than appreciations. Then, he affirmed that the ERPT degree has declined in the 1990s due to macroeconomic reforms, being lower in countries with higher income and more flexible exchange rate regimes. Maka (2013) investigated the asymmetrical ERPT to inflation in Ghana by using a structural VAR model on monthly data set from 1990m1 to 2011m12. Maka (2013) found that the pass-through was asymmetrical with depreciations having a significant and positive impact on consumer prices contrary to appreciations. In addition, he indicated a complete pass-through to non-food prices but incomplete for food prices. Jooste and Jhaveri (2014) examined the time-varying ERPT in South Africa, where they suggested a declining pass-through over time under low inflationary environment. They also found that the ERPT was high during periods of exchange rate volatility. The ERPT to prices has been also studied in Malawi (Jombo et al. 2014 ) and Nigeria (Bada et al. 2016 ) revealing a lower pass-through in these countries. Thus, a striking feature of the studies on ERPT in the SSA region is that most of them are country level studies and neglect the possibility of non-linearity and asymmetry in the relationship between exchange rate changes and domestic prices, as well as the cross-sectional dependence between countries. Hence, our study aims to fill this gap in the ERPT literature in the SSA region by addressing these issues.
Data and Methodology

Data and model specification
This study examines the exchange rate pass-through (ERPT) to consumer prices index (CPI) on quarterly data from 1990:q1 to 2017:q4 by using databases from International Financial Statistics (IFS) and World Development Indicators (WDI). Thus, this paper utilizes an unbalanced panel data covering 40 Sub-Saharan African (SSA) countries separated into two main groups. The first group is the CFA franc zone (14 countries) with fixed exchange rate' regime, comprising the Central African Economic and Monetary Community (Cemac with 6 countries) and the West African Economic and Monetary Union (Waemu with 8 countries). The second group encompasses the remaining countries having flexible exchange rate regime (26 countries) and excluding the Cemac and Waemu sub-regions. Our sample is made up of heterogeneous data comprising different periods with the longest being ranging from 1990q1 to 2017q4 and the shortest from 2007q1 to 2017q4, which gives a sample size ranging from 44 to 112 observations. This is mainly due to data availability for some countries. However, one way to deal with this problem is to use a wide range of panel units and use appropriate econometric techniques to increase the reliability of our results.
Moreover, as a starting point we employ a modified specification of Delatte and Lόpez-Villavicencio (2012) and Brun-Aguerre et al. (2016) . Especially, we formulate and adjust our empirical model following the framework of Mohsen Bahmani-Oskooee & Amirhossein Mohammadian (2017) in order to investigate the relationship between exchange rate and consumer price in Sub-Saharan Africa: Where lcpi, ler, lmon, lgdp and loil are the logarithmic transformations of consumer price index (cpi), nominal exchange rate (er, the amount of local currency needed for 1 USD dollar), money supply (mon), gross domestic product (gdp) and price of crude oil (oil, a proxy for foreign price) respectively;
 are the parameters for the country i and ε, the error term. We use quarterly data from International Financial Statistics (IFS) for consumer price index, nominal exchange rate and crude oil price. However, we utilize annual data for the gross domestic product (GDP) and money supply (broad money, as % of GDP) from World Development Indicators (WDI) because data of these variables are not available on a quarterly basis for the whole sample. Then, we convert the annual data into the quarterly data by employing the low to high-frequency technique. In fact, the conversion is done by using the quadratic-match average option of the low to high-frequency method. This method applies an interpolation fitting a local quadratic polynomial such that the average of four adjacent quarters equals the data observed in the corresponding year. The subscripts i and t denote country and time representations respectively. Hereafter, we follow the non-linear autoregressive distributed lag (NARDL) approach developed by Shin et al. (2014) to investigate whether there is long-term a cointegration and an asymmetrical relationship between the consumer prices index (inflation) and exchange rate in the SSA countries. Some advantages of this approach are its suitability for small sample size and its good performance in presence of variables which are not integrated in the same order (I(0) or I(1)). In addition, this framework has another advantage for testing short and long-terms nonlinearities in the relationship between variables through positive and negative partial sum decompositions of exogenous variables. However, the NARDL framework cannot be employed for integrated variables of order 2.
Especially, our NARDL model is a modified version of the autoregressive distributed lag In addition, the deviation of the nominal GDP from its Hodrick-Prescott filtered trend is utilized to compute the output gap variable (gap). With regards to equation [2] , the long-term ERPT elasticities are calculated by:
( / ) ( / ) Following the modeling framework of Shin et al. (2014) , the decompositions of the partial sum of exchange rate variable (ler) into positive changes (ler + ) and negative changes (ler -) are below computed: . On the contrary, the evidence of no long-term cointegration cannot be rejected when the t-statistic and F-statistic fall below the respective lower critical bounds. Moreover, we test the general hypothesis of symmetric exchange rate changes in model [2] both in long-term and short-term by performing Wald tests:  respectively. Thus, the model [2] can be rewritten with some restrictions allowing the evidence of either long-term symmetry, short-term symmetry or both long-term and short-term symmetries with respect to the results of Wald tests. When the results of Wald tests cannot reject the hypothesis of long-term symmetry, the NARDL model [2] is rewritten as follows:
where model [3] describes the long-term symmetry between exchange rate and consumer price index with short-term asymmetry. The two other restricted NARDL models can be formulated by: 
where model [4] shows the long-term asymmetry between exchange rate and local price change associated with short-term symmetry; while both long-term and short-term symmetries are depicted in model [5] .Therefore, following Brun-Aguerre et al. (2016), we formulate six hypothesis:
Hypothesis 1: symmetric long-term ERPT i.e 11 0 :: 
Hypothesis 3 supposes complete long-term ERPT for depreciations or appreciations,
Hypothesis 4,
:
Where: Hypothesis 4 supports a symmetrical pass-through in the short-term whereas Hypothesis 5 and Hypothesis 6 support a zero pass-through during the short-term and a complete pass-through respectively with respect to depreciations and appreciations.
Finally, we estimate the appropriate NARDL models for each country based on the results of the symmetry test and we obtain recursively the cumulative dynamic multipliers from the specific NARDL models employing the procedure of Shin et al. (2014) as follows:
, ik m −− → with +  and −  the long-term pass-through coefficients for depreciations and appreciations respectively above defined. The dynamic multipliers show the evolution of consumer price index over time in response to a positive change (depreciation) and negative change (appreciation) of exchange rate.
Panel pass-through estimation
In this section, we first conduct the cross-sectional dependence analysis between countries which may arise from unobserved common factors (psychological, economic and social norms) by using four tests. The Friedman's test (1937) is non-parametric and based on the Spearman's rank correlation. The test statistic is thereby computed: Breusch and Pagan (1980) suggested an alternative statistic using Lagrange Multiplier which is appropriate for large time periods (T > K) and relatively short cross section dimension K and tests the null hypothesis of no cross-sectionally correlated errors:
, where ^i j  is the estimated pairwise correlation of the residuals.
In addition, Frees (1995) provides another test of cross-sectional dependence which can deal with the false hypothesis in the case of many disturbances cross-sectionally correlated. Frees's statistic contains the coefficients of the squared rank correlation and is thereby calculated: (1967) and Kmenta (1986) and the Pooled OLS regression with Driscoll and Kraay (1998)'s standard errors which are convenient in the case of cross-sectional dependence (autocorrelation) and heteroscedasticity among the residuals between panel units. However, Parks and Kmenta FGLS method is appropriate when the time period dimension (T) is greater than the cross section dimension (K). In fact, FGLS estimator becomes not workable when K>T because it will be impossible to get a non-singular estimated coefficients of the cross-sectional covariances matrix of type KxK, as well as to produce acceptable standard error coefficients as argued by Beck and Katz (1995) . Besides, Driscoll and Kraay (1998)'s standard errors is a nonparametric method to estimate standard errors which are robust to heteroscedasticity and autocorrelated errors between panel units and can also be implemented for T<K but not with a very small time period dimension since this estimator is based on large T asymptotics. Besides, the approach of Driscoll and Kraay (1998) utilizes the Newey and West (1987) method to the cross-sectional averages of the moment conditions. Finally, a pooled OLS regression is performed by using the standard errors of Driscoll and Kraay (1998) and following the procedure of Hoechle (2007) which is convenient for the unbalanced and balanced panel data and considers the possibility of cross-sectional dependence among the countries.
Empirical results and Discussions
Results of the pass-through estimations per country
The primary results start with some descriptive statistics on the variables for each country of our sample as shown below in Table 1 and Table 2 . Thus, the SSA region experiences more volatility in the exchange rate across countries, as reflected by higher values of the standard deviations. Especially, the nominal exchange rate is more volatile in Congo Democratic Republic (28.78%), Angola (23.57%) than in other countries such as Cabo Verde (5.21%) and Mauritius (4.24%).
On the other hand, the same level of exchange rate volatility (8.24%, on average in CFA franc zone) in Waemu and Cemac countries can be explained by the fact that the two regions belong to the CFA franc zone with two currencies (West African CFA, XOF and Central African CFA francs, XAF respectively for Waemu and Cemac sub-regions). Although these two regions have a fixed exchange rate to the Euro and have always been at parity (so that they share almost a common monetary value against other currencies), they are theoretically and institutionally separated and could have different monetary policies which may influence the value of their respective currencies at any time.
Besides, The results of Table 1 and Table 2 show that most SSA countries present a common trend in the exchange rate movements since there have been more depreciations (positive changes in exchange rate) than appreciations (negative changes in exchange rate) of their local currency over the sample period. The magnitudes for depreciations range from 45.45% (Comoros) to 97.33% (Ethiopia) except in the CFA franc zone (WAEMU and CEMAC) where the local currency depreciates by 51.98% on average across countries. These facts encourage more exports from SSA countries by the price competitiveness resulting from local currency depreciations. In addition, the results show a different pattern in price volatility with higher price volatility in Congo Democratic Republic (19.85%), Angola (14.49%); relatively less pronounced effects in Namibia (0.93%), and Botswana (1.04%). Prices deviation from its mean value is mostly less than 5% in the remaining countries, especially in the CFA franc zone (around 3.54% on average).
Furthermore, the results of the stationarity tests on each variable per country are depicted in Table 3 where we performed traditional unit root tests aforementioned in section 3 following a model with constant and no trend. Thus, we find evidence that all variables are almost stationary at first difference at any conventional significance level. However, the null hypothesis H0=I(0) for the KPSS test implies that the variable is stationary at level against the alternative hypothesis of stationary variable at first difference. The symbols *, **, *** shows the rejection of the null hypothesis respectively at 1%, 5% and 10% level of significance. Authors' computations by using Eviews 9.
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Thereby, the nonlinear autoregressive distributed lags (NARDL) framework is justified to investigate the asymmetric exchange rate pass-through (ERPT) into prices since none variable is integrated of order 2. Then, the cointegration analysis and the symmetry tests are implemented by using the different NARDL models to examine the long-term relationship between variables and determine the suitable model specification for each country from these tests.
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doi:10.20944/preprints201810.0442.v1 Table 5 . Cointegration tests for the other SSA countries
Note: see Table 4 Table 4 and However, at least in one of the various NARDL models, the long-term relationship between consumer prices, exchange rates, money supply, output gap and oil price cannot be rejected since one or both tBDM and FPSS statistics are greater than the corresponding critical bounds values at the conventional level of significance in most cases. Additionally, the results of the symmetry tests in the short and long-term are presented in Table 6 and Table 7 for each country. model [4] in the suitable case following the general to specific approach (uni-directional method and p-value backwards 10%
significance level as stopping criteria) with maximum lag length 4. The symbols †, § and ‡ show the significance (rejection of null hypothesis H0) at 10%, 5% and 1% levels respectively. Authors' computations by using Eviews 9. (40) SSA countries. Therefore, the evidence of a long-term asymmetrical ERPT is strongly confirmed in most of the SSA countries with 12 cases for CFA francs Zone.
Table 7. Symmetry tests for the other Sub-Saharan African countries
Note: see Table 6 Country Short-run tests (WSR) 
Rest. NARDL model [4]
Rest. NARDL model [4] Rest. NARDL model [5] Unr. NARDL model [2] Unr. NARDL model [2] Rest. NARDL model [3] Unr. NARDL model [2] Rest. NARDL model [3] Unr.. NARDL model [2] Rest. NARDL model [4] Rest. NARDL model [3] Rest. NARDL model [4] Unr. NARDL model [2] Malawi (b) Mauritius (a) Mozambique ( H ) of symmetry does not hold (rejected) in 24 countries. Thus, we unveil many cases of both short and long-term asymmetries across the SSA countries denoting that the exchange rate movements (positive versus negative changes) do not have the same impact on domestic prices in that region except for only Cabo Verde where the symmetry hypothesis cannot be rejected neither in the short nor the long-term. As a result of these findings, the last column of Table 6 and Table 7 show the appropriate NARDL model retained to estimating the pass-through for each country. Accordingly, Table 8 and Table 9 present the results of the asymmetrical ERPT compared with those in the symmetrical specification by country. Table 8 . Exchange rate pass-through (ERPT) for CFA franc zone H ) of zero long-term pass-through is rejected in 22 countries for depreciations and 17 cases for appreciations whereas the counterpart hypothesis ( 5 0 H ) of zero short-term ERPT cannot hold in 19 cases for depreciations against 16 cases for appreciations. Table 9 . Exchange rate pass-through (ERPT) in the other Sub-Saharan African countries.
Note: see Table 8 Asymmetric exchange rate pass-through (ERPT) Symmetric exchange rate pass-through (ERPT) These findings reveal that not taking into account asymmetries in the relationship between exchange rates and consumer prices in the SSA region probably yield to biased conclusion with regard to the appropriate policy to be implemented.
Besides, there is positive association between changes in consumer prices and local currency depreciations contrary to appreciations in most of the SSA countries, especially in CFA francs zone (WAEMU and CEMAC) over the long-term. In fact, the positive association between depreciations and local prices is expected because the weakening of the domestic currency makes imports more expensive leading to the increase of consumer prices, all other things being unchanged. Another finding is that consumer prices react strongly and significantly to local currency depreciations than appreciations in several SSA countries over the sample period since the pass-through coefficients for appreciations are smaller than that for depreciations in absolute value ( Furthermore, the hypotheses ( H ) and ( 6 0 H ) of complete exchange rate pass-through (ERPT) into consumer prices are rejected in all the SSA countries except for 9 cases where the evidences of complete ERPT are only found for depreciations in Angola, and Kenya and one case for appreciation in Liberia as well as for the case of a symmetrical ERPT in Ghana and Lesotho over the long-term and only one case in the short-term for depreciation in Mozambique (the results are available upon request). Thus, 1% depreciation of Angolan Kwanza (Kz) (respectively Kenyan Shilling, KES) induces a significant increase fully transmitted to consumer prices of 0.93% (respectively of 0.67%) in Angola (respectively in Kenya) in the long-term.
However, 1% appreciation of LRD increases prices significantly by 0.77% in Liberia over the long-term. Generally, the exchange rate movements are not fully transmitted into consumer prices in most SSA countries and this can be due to some improvements in macroeconomic policies.
Additionally, the adjustment speed of consumer prices toward the long-term equilibrium prices is higher in the asymmetrical specifications (NARDL models [2] , [3] and [4] ) compared with the linear specification (model [5] ) where the asymmetries are neglected. The pass-through coefficients are greater in the symmetrical (linear) model [5] than in the asymmetrical models [2] , [3] and [4] , especially during the long-term in CFA franc zone, whereas there are mixed evidences in the other SSA countries. Nevertheless, there is a positive relationship between consumer prices and exchange rate changes over time in the linear specification (model [5] ), whereas this positive relationship over time cannot hold when allowing for asymmetries.
Finally, we compute the dynamic multipliers for each country to trace the patterns of the exchange rate pass-through into prices over time (see Appendix, Figure These figures illustrate that consumer prices respond more strongly to exchange rate depreciations than appreciations in the very short-term (after few quarters) in several SSA countries, but also the asymmetrical pass-through pattern still increases even in the very short-term and tend to zero particularly in Cabo Verde justifying the symmetrical pass-through in this country
Results of the dynamic panel ERPT estimations
Hereafter, we aggregated the countries into two main subgroups: the CFA francs zone (Waemu and Cemac sub-regions) and the other SSA countries (flexible exchange rate regime) that do not belong to the CFA franc zone which has fixed exchange rate regime and almost similar currency.
Robustness tests under cross-sectional dependence analysis
We begin the robustness tests by performing four cross-sectional dependence tests as mentioned in the methodology part i.e. the Rave statistic of Friedman (1937) , the CDLM of Breusch and Pagan (1980) , the FT statistic of Frees (1995) and the CD test of Pesaran (2004) , under the null hypothesis of no autocorrelation of the residuals across panel units. Table 10 presents the results of the different tests and their corresponding P.values after running fixed and random effects estimations. The results confirm the existence of cross-sectional dependence between countries since the P.values of these tests are less than conventional significance levels (1%, 5% or 10%) and lead to rejection of the null hypothesis. H ) of a complete ERPT for appreciations and depreciations, respectively over long and short-terms, except for Cemac sub-region where both FGLS and Pooled OLS estimators reveal a complete ERPT for local currency depreciations and appreciations in the long-term (results are available upon request). show the significance at 10%, 5% and 1% levels respectively. Authors'' calculations by using Stata 14.
These estimators induce more accurate, consistent estimates and validate the finding that exchange rate are strongly passed through prices during depreciations than appreciations, especially in CFA franc zone in long-term. However, the evidence that consumer prices react more strongly to local currency depreciations than appreciations is largely valid across sub-regions as well as in the entire SSA region during the short term. Therefore, our results of asymmetric exchange rate pass-through (ERPT) are more robust during the short and long-terms for the global CFA franc zone while these findings are significantly appropriate in the short-term for the other SSA countries as well as the entire SSA region.
However, the evidence of incomplete ERPT is robust for in the SSA countries over the short and long-term. In addition, consumer prices are negatively associated to local currency appreciations but positively linked to depreciations over the short-term, whereas both have positive effect and different impacts on consumer prices in long-term. For instance, both FGLS and Pooled OLS estimates reveal that 10% depreciation of exchange rate leads to about 6% increase in consumer prices in CFA franc zone while the same percentage causes prices to raise by 4% or so following appreciations in the long-term, with different magnitudes across Waemu and Cemac sub-regions. In the other SSA countries and the entire SSA region, 10% depreciations (appreciations) increase prices level approximately by 2% over the long-term. Nevertheless, local prices approximately decrease by 1% (respectively about 0.1% in the other SSA countries and around 0.3% in the SSA region) for 10% appreciations of the exchange rate in CFA franc zone according to FGLS whereas 10% depreciation of the local currency raises consumer prices above 2% (less than 2% for the other SSA economies, as well as the global SSA region) during the short-term.
In short, the evidence of an asymmetrical exchange rate pass-through in most of the SSA countries nourishes the thought that producers may not distinguish the diverse effects of the local currency depreciations and appreciations on domestic prices or they could be unable or reluctant to take these effects into consideration in their operating margins over the short-term. This situation may also encourage the alternative of speculation in the short-term since local currency depreciations and appreciations do not have the same impact on consumer prices. Besides, the strong pass-through elasticities for depreciations than those of appreciations reveal that foreign producers are prone to raise prices in most SSA countries for limiting the decrease of their profits, which is to partially pass local currency depreciations into consumer prices while keeping constant prices and raising their markups by the absorption of appreciations and quote for competitive prices.
Our findings unveil the lack of competitive market structures in the SSA region denoting by this kind of high pricing power since foreign producers have large market share in this region. For instance, the shares of European and Asian exports in world merchandise exports to Africa region are about 34.7% and 32.4% respectively while only 15.4% come from Africa in 2014. 1 Furthermore, we find that the exchange rate pass-through is high in CFA franc region having a relatively low inflationary environment, measured by the average inflation rate (1.04%) compared with the other SSA countries (3.13%) associated to high inflation levels (see Table 11 ). This evidence contrasts the Taylor (2000) hypothesis that lower EPRT is positively associated with low inflationary environment which reduces the pricing power of producers. In fact, the FGLS of Parks (1967) and the Pooled OLS regression with standard errors of Driscoll and Kraay (1998) have corrected any bias resulting from the presence of cross-sectional dependence between countries.
Thus, this result points out the lack or limited credibility of monetary policy in the SSA region, the frail transmission of its monetary policy associated with a lower financial depth paining to adapt to exchange rate shocks. Hence, producers tend to pass-through exchange rate changes when inflation expectations are not well anchored on a target, which can be interpreted as a lack of transparency in the monetary policy, hindering the decline in the exchange rate pass-through into consumer prices.
In general, the results of this paper are opposed to the findings of Akofio-Sowah (2009) exhibiting a declining and symmetric pass-through elasticities in 15 SSA countries under lower inflationary environment. However, our findings are similar to those reported in the IMF's working papers (Razafimahefa, 2012) in the sense of incomplete pass-through into consumer prices which is larger during exchange rate depreciations than appreciations.
Estimations of the pass-through with respect to the size and direction of exchange rates.
In this section, we decompose exchange rate movements into large and small changes in order to examine the impact of these changes in consumer prices. In order words, we investigate whether menu costs are important in the SSA countries i.e. whether the size of pass-through is positively related to the size of the exchange rate. Thus, we employ the approach of Pollard and Coughlin (2004) to construct large changes of exchange rates.
To do so, we distinguish large changes to small changes of exchange rate following Pollard and Coughlin (2004) Table 12 describes the size of the exchange rate across sub-regions as well as in the entire SSA region.
The statistics reveal that there have been large exchange rate changes in CFA francs zone (58.63%) than in the other SSA countries (45.10%) following the linear specification. Considering the direction of the exchange rate, we note a longer period of small changes than large changes in exchange rate across sub-regions. Moreover, the results of the implied ERPT are presented in Table   13 . First, the results suggest asymmetrical ERPT with regard to the size of the exchange rate where the pass-through is higher after large changes in the exchange rate than small changes.
Second, the ERPT is greater during large depreciations than large appreciations of the local currency.
Consumer prices decrease at a high level after large depreciations (positive exchange rate changes) than they increase during the appreciations (negative exchange rate changes) of the local currency. show the significance at 10%, 5% and 1% levels respectively. Authors' calculations by using Stata 14.
Conclusion
This paper investigated the relationship between exchange rate movements and consumer price index in 40 Sub-Saharan African (SSA) countries from 1990q1 to 2017q4 by employing the nonlinear autoregressive distributed lags (NARDL) approach as well as dynamic panel estimators under cross-sectional dependence analysis. First, the results suggested that there was an asymmetrical exchange rate pass-through (ERPT) in most of the SSA countries generally in the short-term, except for CFA franc sub-region (Waemu and Cemac sub-regions) where asymmetry occurred both in short and long-terms. Second, the hypothesis of zero pass-through did not hold in many SSA countries, as well as the hypothesis of complete ERPT in the short and long-term. Thus, consumer prices reacted strongly to local currency depreciations than appreciations in the short and long-terms, which is in line with the result of Razafimahefa (2012) and the capacity constraints model of Knetter (1994) suggesting the existence of trade barriers in the SSA region. This reflects downward prices rigidities and weak market competition in many SSA countries. Indeed, the downward price rigidity arises from the fact that foreign producers may not be able to contain huge demand emanating from an appreciation of the importer's currency. Thus, they tend to absorb appreciations by increasing their markup and keep price fixed. This situation occurs in the case where producers or domestic firms are binding by quantity constraints such as quotas, trade restrictions, anything that prevent them to expand their productions. A situation that leads to weak competitive market in which foreign producers can only widen its profit margins rather that increasing sales. In this scenario, the pass-through will be greater during the depreciation of importer's currency. Third, we found that the exchange rate pass-through into prices has not declined after the 1990s, especially over the long-term in the CFA franc zone. It was higher in CFA franc zone (fixed exchange rate regime) having low price levels (1.04%) compared with the other SSA countries (flexible exchange rate regime) associated to high average inflation level (3.13%) when the analysis allowed for cross-sectional dependence between panel units. The ERPT coefficients differed from the SSA countries to the developing and emerging Asian countries. The ERPT in the SSA countries was low than that in emerging Asian countries in the long-term (see Kassi et al.2018 ).
This evidence contrasts the Taylor (2000)'s hypothesis and the results of Akofio-Sowah (2009) in the SSA region, revealing that neglecting the asymmetry assumption and cross-sectional dependence in such an analysis of ERPT may lead to biased conclusions. Nevertheless we give support to the idea of Goldberg and Campa (2010) that the increasing share of imported inputs since 1990s into local production process contributes to extend the sensibility of consumer prices to exchange rate changes. Four, we found an asymmetrical ERPT with regard to the size of the exchange rate. The ERPT was greater during large depreciations of the local currency than after large appreciations, whereas the ERPT for small appreciations was higher than that for small depreciations. Our findings unveil the lack of credibility of the monetary policy in the SSA region since inflation expectations are not well anchored on a target, reflecting a low transparency in the monetary policy which may impede a declining exchange rate pass-through into consumer prices. Hence, our contribution to the ERPT's literature in the SSA region is threefold: we extended the analysis to 40 SSA countries by using both per country and dynamic panel analysis allowing for asymmetry. Second, we considered the cross-sectional dependence analysis between countries in the estimation of ERPT. Third, our analysis took into account nonlinearity by examining the pass-through with regard to the size of the exchange rate. Our findings also raise concerns about probably speculative behavior from producers having great market power to make use of the asymmetric exchange rate pass through, profiting from weak competitive market structures in the SSA region. Such behavior can lessen consumer welfare in the destination market following the response of local prices and thereby may hinder the monetary policy of inflation targeting and export competitiveness.
Finally, the ERPT was low under the flexible exchange rate regime relatively to the fixed regime. Hence, the SSA countries should not be "fear of floating" as they can benefit from trade liberalization. Therefore, the policy implication is to take into account these asymmetrical effects of exchange rates on consumer prices in determining the monetary policy rules, to promote trade liberalization and enhance macroeconomic policies for more competitive market structures in Sub-Saharan African countries. 
